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Before research studies on the effects of vesicants on akin could
be started, it was necessary to find a sustitute for bis-2-chloroethyl
sulfide (iustard gas), which is a surety agent, to simulate its
biological and physical properties. A perusal of the literature led
us to select butyl 2-chloroethyl sulfide, a known vesicant, (CAS Reg.
4303-40-6) (BCS) as a candidate coupound (1-6).

Carbon-14 Aabeled BCS was custam-ynthesized by Ixa, Irvine, CA,
with a specific activity of 10.97 mci/umle. Both carbons of the
chloroethyl group are labeled. A gas-liquid chruta aphy
chrimatogram of this cound showed one peak with a retention time
coinciding with a *standard" cold sample injected just before the
labeled comund was injected. Attmi*s to detemine its purity by
thin-layer chrcmatography on Whatmn LOIH-P plates, after it had been
stored in the refrigerator for one year, resulted in an unexplained
loss of about 60% of the radioactivity deposited at the origin. After
the plates were developed, the spots were located and scraped into
scintillation counting fluid, and the radioactivity was masured. A
possible explanation for this loss was the relatively high volatility
of DCS. To test this hypothesis, a knm amount of 'C-BCS was applied
to two types of silica gel plates and after a predetermined interval of
time, it was scraped off and placed in a liquid scintillation solution
for radioisotope reasurwme rts.- A pieliminary attempt at measuring the
vapor pressure of TC-BCS indicated a value similar to the bifunctional
wuatard, bis-2-chloroethyl sulfide (7).

The following report describes the results of our experiments
dealing with loss of "C-BS from various surfaces and an estimation
of the vapor pressure of OCS.

Ug~tie- 06 theto U44 OJ'C-SCS SUN dX LHKb-P flUhig-tAYA Ptdate
(P"e4C 1)

Fma microliters of TC-BCS (1.20 XCi/vl) were delivered on a
prescribed 64 mat" area of an LlI-P (I4tann) thin-layer plate in each
of four separate rows by a HImilton 10-ul syringe. The plates Uhen
rowained eqxpeed to amient air in the hood at 201C for 30 minutes.
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After 30 minutes, the material in the delinested areas was scraped into
scroo-cap vials containing 10 ml of Opti Fluc.xr counting fluid. A
blank containing silica gel from an area of 64 =n2 and a control of
4 ul of "C-BCS delivered directly into 10 ml of Opti Fluor* in a
scintillation vial to avoid any evaporation were also prepared. All
samples were counted in a packard Tri Carb Model 4530. Identical 4 ol
aliquots of "C-fkS and blanks were done on other LHK-P thin-layer
plates and expoead to ambient air at 20°C in a hood for 1 to 3 minutes,
and 17 hours. At no time was the fan turned on in the hood while
volatility measurements were being made.

Table 1 shows that 35% of the recoverable activity is lost after
1 to 3 minutes relative to the control. Jecovery of the radiolabel
declines only slightly over the course of the next 17 hours; less than
50% of the applied radioactivity can be recovered after 17 hours.

CompaWon o6 Lo6 o6 RadioactivLty o6 1 C-BCS 6Aom V4OU.o SU46dacU
dLJing a 15-uinuate InlteAva. (Phaa II)

A second phase of this study was done to determine if the
volatility varies with different msbstrates and/or surfaces. The ame
procedure as in Phase I was folloed by using Vfttimn reverse-phase TLC
MI18F plates and tWatman No. 1 filter paper strips. The strip was
suspended in air, both during spotting of the sample and the timed
interval of expoure co ambient air in the hood. The delineated 64 mnm
area of filter paper was cut out with a pair of scissors, the square
drcped into 10 ml of Opti Fluors and the dpm were recorded. For this
phase, all surfaces containing aliquots of "C-BCS were exposed to
ambient air for 15 minutes.

The results are. given in 'able 2. Ninety-three percent of
radioactivity is lost from filter paper; whereas, loss from the two
silica gels is ccxsiderably less. These results are consistent with
the suggestion thit BM forma malent bonds with these dry silica gel
surfaces, but not with Whatman No. I filter paper. It is also possible
that SM is held by adsorption, hn which case a study of the
teprature effect may lead to a plausible explanation of this

Ucui*tett v6 Loaa 6 Rad ioactiviA d't.'y 4 Va'ti~ou. Suidacea& by
ý4tdact Counting (Phate 1ll)

During the third phase of this study, the rate of surface
evaporation of * C-8CS was measured bv using a portable isotope counter
(Berline ESP I with an HP probe havin" a diameter of 70 mi and a height
of 22.7 arm). A measured aliquot of I C-_•S was applied exactly as
previously described on the following four surfaces: Wtnktziw No. 1
filter paper, KC18F thin-layer plates, silica gel C thin-layer plates,
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and a mall piece of fresh full-thidcms weanling femle Yorkshire
pig skin (saved). The samples ware placed sequentially on the stage
of a laLoratory jack, as shoan in Fig. 1; the lower surface of the
detector was 5tely 5 - from the surface of the material to
be unted. No microliters of neat "C-BCM (1.20 yCi/h1) were applied
to the center of the area previously marked by a pen, or pinpoints for
silica gel. At various frequent intwrvals, the radioactivity (dpm)
was measured; the average dpm was calculated and recore. After five
measureme•s. the mterial containing the isotope was rmmred fron the
stage so the surface wuld be exposed to the air flowing through the
hood and, simultaneously, the counting surface of the detector was
cleaned by smmeping a fine strem of cowpmssed air over it. This
prevented build--p of backgrad counts between the timed intervals of
measuring radioactivity (Fig. 1).

From the graph produced in Figure 2, it can be no luded that the
rate of loss of radioactivity per unit of time of "'C-BCS from
different surfaces is varied. Table 3 shows the percentage loss of the
isotope fram-various surfaces relative to Waatzmn No. 1 filter paper
after 15 minutes, which mus arbitrarily set at 100%; the data are
derived fram Figure 2. The loss from pig skin is s~bsantially grea
for a given period of time than from the silica gels. Thes
obervations may explain why minerals such as fuller's earth are
suitable as dxotaummts as long as the vesicant has not penetrated
into the skin, but is still looeely held at the surface.

PA~tiniay VOtsAea 6o4 the V4Po' P'LCAuek o0 SCS (PhdAi IV)

in the fourth phas of this study, a preliina•y analysis of the
static headspce oosentration of "C-BC was meme (7). In this
indirect method for determining volatile oornstituents in a liquid in a
closed system, replicate samles of 20 ul of neat '"C-BCS (0.012 uci/ul)
were injected with a 50-ml Umilton syringe into 12.5-ml screw-cap
flasks fitted with Pdninerte valves in the caps and allowed to stand
at 20*C. After ons hour, 200 ul of the vapor phase was reed from
each flask with a 500-ul Hamilton gas-tight syringe and injected into a
scintillation via' .mtaining 10 ml Opti Fluorx fluid each. Two
controls were pru' ,. : v delivering 4 Ul of "C-DCS (0.012 xCi/l)
citrectly into 10 ml Opti Flhor, in a s.Lntillation counting vial.
heasuremimt of the radioactivity in these samples was done the sam way
as described in Phase I and II of this report, and the following
calculations were mode:

20 ul rent "C-BD = 0.012 Mi/ul
Specific activity = 0.1813 PCi/Mole
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(a) Counts in thn gos phase:

200 ul gas phwe #1 - 616 dpu
#2 -168dPn mean a 383 dpo
#3 - 364 dpj

SMean total activity in 12,500 A cbs phase a 23,938 dpm
(b Control counts:

4 pl 1 4C--BCS #5 , 92,465 mean - 92,980 cdi
#6 - 93,495 nz9 80

corzresonding to 464,900 dpm for 20 p1 of solution

(M. Vapor oncentration:

Lwt. -*C-BCS) x dpm gas :hae asS

C• 202.0 es x 23,938 dpm= 0.8321 Pg BCS/mI. of vaporc=464,9)00 dpm. x 12.5 ml

(d) Vapor presmre:

p We

M.W. - 152.67

R-a 82.0 ml atm

V - 12.5

T - 293"K

n - 6.794 x 10-1 ffles

6.794 x 10" (82.05) (293)
2" 12.5

P p=p1.307 x 10-4 atm x 0.099 m Hg.

a=r deten•inations indicate that at 206C the vapor concentra-
tion in the vessel is about 0.83 wg/mi, which corresponds to a partial
pressure of about 0.1 I=e Hg. The vapor c-ncentration of bis-
2-chlorothyl sulfide is 0.625 4g/ml at 201C (9).

iIi m i m i m im i m i m i m i
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It can be comcluded that butyl 2-dloroethyl sulfide is not only
a vesicant (9), but also has a molecular weight and vapor pressure (10)
cqaabm e to that of bis-2-ch1loethyl sulfide. In our vesicant
studies progruu, wd based or them pthsical properties, us detandred
that butyl 2-dhlozoethyl sulfide ws a suitable analog for mustard gas.
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Fig. 1. Drawing representing the Eberline instrutenrt and apparatus
used to measure the dpn of 1 C-BKS on various surfaces.

Fig. 2. Graph of dpm of 1 'C-BCS on (A) %batniun No. 1 filter paper,
(1) full thickness female weanlinq Yorkshire pig skin,
( W)atlan LM-P silica gel, M M4atbmn reverse-phase
MC18F silica gel from 0 to 132 minutes.

!
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Table 1

Volatility of •C-BCS an UW-P Silica Gel Layers (250 microns)

TiHm 'f .... ,er f ?*an wI of BCS 50efficiet of
Rqome. t einativw nm v Variati (C.V.)
Qxntrol 0 mm. 100
I - 3 min. 4 65.0 9.11
15 - 18 min. 3 67.4 3.3
30 - 33 m 4 56.3 2.7
17 hrs. 4 46.8 3.2

Table 2

Crznarison of Volatility of 1 'C-BCS on Various Surfaces During a 15
Minute EDqxsure to haibit Air

No. of Perct '"C-EBM (eficient
Surface Determinations "egasN of Variation

PP KCIW silica gel 3 60.4 1.3%
Vhattan No. 1 filter paper 3 7.1 11.3
UUK-P silica gel 3 67.4 2.7

Table 3

Relative Rate of Loss of Radioactivity on Various Surfaces as
Mmasured with an Eberline ESP 1 Detector (Data Derived frum Fig. 2)

ReJati;ve ite o
Surf•. Tim Interval Loss of C-1Si&tm o. I filter paper 6 -" 'ý-1i'. IN0.
Pig qdA 20 - '16 min. 53.
Pig skin 2 - 20 min. 30.
!H.-P silica gel 2 - 120 min. 2.5
R1P IC1iF silica gel 14 - 120 min. 1.6


